We investigate the radiative dileptonic decays B s (B d ) → γl + l − within the standard model. Using the constituent quark model, the branching ratios turn out to be around 5 × 10 −9 for B s → γµ + µ − and around 6 × 10 −10 for B d → γµ + µ − , with slightly larger values for B s (B d ) → γe + e − . The differential rate as a function of the dilepton invariant mass is given. The possibility of using these processes to determine the decay constants of B s or B d is discussed.
Introduction
Rare decays induced by flavor changing neutral currents can be used as tests of the Standard Model (SM), and are sensitive to new physics. It is expected that at future B factories and fixed target machines, other rare decay channels of the bottom quark [1] will be discovered in addition to the observed b → sγ transition [2] . These processes also offer useful information for extracting the fundamental parameters of the SM, such as |V ub | [3] .
Rare decays can also serve as alternative channels to measure some elementary hadronic parameters. For instance, the decay constants f Bq , q = s, d can be extracted from B q → γνν [4] . In the present work, we investigate the possibility of using the channel, B q → γl + l − to determine the decay constants. Pure leptonic decays of heavy pseudoscalar mesons into light lepton pairs are helicity suppressed, their branching ratios are of the order of 10 −9 for B s → µ + µ − , and 10 −14 for B s → e + e − [5] . This makes it difficult to determine f Bs from these processes. For B d the situation is even worse due to the smaller CKM angle. If a photon is emitted in addition to the lepton pair, then the mechanism of helicity suppression will not hold any longer and larger branching ratios are expected. Although the process B s → τ + τ − is free from helicity suppression and its branching ratio is around 8 × 10 −7 in the SM [6] , it is likely to be compatible with the decays into lepton pairs only when its efficiency is better than 10 −2 .
In Section 2 the relevant effective Hamiltonian will be given in the SM, and the constituent quark model will be used to give the numerical predictions. Finally, we make some comments in Section 3.
Model calculations
The most important contributions to B q → γl + l − (l = e, µ) stem from the effective Hamiltonian which induces the pure leptonic processes B q → l + l − . Let us start with the short distance contributions to the latter one, which include box, Z and photon penguin diagrams.
The Feynman diagrams are displayed in Fig.1 . The QCD corrected effective Hamiltonian in the SM is [7, 8] :
with One may expect that the additional two diagrams displayed in Fig.2 we calculate the contribution of Fig. 2(a) to the differential decay rate anywhere except near the singularity we find it to be negligible ( at most a few percent). Therefore we neglect it altogether.
There are also long distance contributions to B q → l + l − γ. For instance, in the B s decay, there are cascade processes at the hadronic level:
These involve the on-shell φ, φ ′ , J/ψ... and are similar to b → sJ/ψ → sl + l − [11] . They are estimated to be of order of 10 −9 , which is about the same order of the short distance contribution. All these long distance effects, which are shown as sharp peaks in the invariant mass spectrum of the lepton pair, will not be included in the following. Now using a simple constituent quark model (see, for example, [9] ), we calculate the amplitude for diagrams with photon emitted from external fermion lines. First, for diagrams with photon attached to external lepton lines, we get the amplitude proportional to:
Using the decay constant definition:
we can easily calculate the results of eqn. (3) . Note that, there is no contribution from the operator O 7 in this circumstance, since the definition of the decay constant shows that:
For the other two diagrams with photon emitted from the external quark lines (b or q), the amplitude is proportional to:
In the constituent quark model, p 
with
After squaring the total decay amplitude, we find that the contribution of diagrams with photon attached to the lepton lines (eqn. (3) ) is proportional to m l , which is negligible in numerical calculations. The main contribution to B q → γl + l − is thus from the square of eqn. (7). Performing the phase space integration over one of the two Dalitz variables, we get the differential decay width versus s = (p
We see that the differential rate is proportional to (f Bq /m q ) 2 . Using α = 1/137, m s = 0.51
GeV, m t = 176 GeV and |V tb V * ts | = 0.04, the differential decay rate as a function of s is displayed in Fig.3 , which shows that the contribution from soft photons, corresponding to large s region, is negligibly small.
After integration, we also get:
For B d meson decay, we take |V tb V * td | = 0.01 and m d = 0.35 GeV. The decay widths are then:
If the lifetimes are taken as τ (B s ) = 1.34 × 10 −12 s, τ (B d ) = 1.50 × 10 −12 s [10] , and if f Bq = 200MeV is used, they correspond to the branching ratios:
Note that the branching ratios we get for radiative decays are just the same order of the pure leptonic decay B q → µ + µ − . The decay rates for pure leptonic decays are:
Using the same parameters as in the radiative decay, the numerical results are:
So for the e + e − channel, the radiative decay dominates over the dileptonic one, while for the µ + µ − channel, the branching ratio of the radiative decay is a little larger than that for the pure leptonic decay.
Conclusions
We predict the branching ratios in the SM for B s → γl + l − to be around 5 × 10 We conclude with comments on the experimental extractions of the decay constants. In the measurements of the pure leptonic decays, processes with additional soft photons emitted (say, photons with energy less than 50 MeV) might contribute due to the inability of the detector to separate them. From our calculation, we find that these soft photon processes are not important in the radiative dileptonic decays, see Fig.3 . Since the efficiency of detecting photons may be low, it will be useful for experiments to have the sum of the radiative decay and the pure leptonic processes:
The total µ + µ − (γ) branching ratios for B s and B d decay are almost the same as that of the e + e − γ case. 
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